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Aesthetic Surgery Journal 31 (7) As an alternative, we describe a minimally-invasive method for treating the glabellar area called percutaneous selective radiofrequency nerve ablation. Radiofrequency (RF) is a high-frequency current that is applied to neural tissue through a closed circuit. The current, produced by a generator, travels from the active electrode and returns to either the patient's grounding plate (monopolar) or a negative electrode built into the delivery needle (bipolar). The difference between these electrodes is the voltage, which generates an electric field that forces the ions in the tissue to move. The tissue then heats the electrode tip, which in turn absorbs heat from the tissue. An equilibration of the temperature between the tissue and electrode tip then occurs. 5 Soft tissue ablation with RF energy has been widely applied during open and endoscopic procedures. 6, 7 
MethOds
From November 2007 to December 2009, 27 patients underwent percutaneous selective RF nerve ablation for treatment of their glabellar frown lines. All patients were treated by Dr. Jun Hyung Kim at the Dongsan Medical Center in the Department of Plastic and Reconstructive Surgery at the Keimyung University School of Medicine. For RF nerve ablation, we procured a lesion generator, an electrode, and a grounding pad. The RF lesion generator we selected (PMG230; Baylis Medical Canada, Montreal, Quebec, Canada) can be used for both nerve stimulation and tissue coagulation. We elected to utilize the 22-gauge, straight, monopolar electrode, composed of an RF cannula and probe (Figure 1 ). A direct current nerve stimulator was incorporated into the generator, providing pulsed electrical stimuli of 2 Hz in a 200-millisecond duration and 0.5 to 2.0 mA.
There are two available modes for RF lesioning: pulsed and continuous. In this series, we selected the continuous mode, which causes coagulation necrosis at 60°C to 80°C. To achieve effective outcomes, it was important to place the electrodes near the target nerve, for a lesion of sufficient size. 8 The lesion should be spherical around the active electrode and tapered at the tip so that only minimal lesioning occurs beyond the tip.
Operative Technique
To begin, a peripheral nerve stimulator (EZStim II, model ES400; Life-Tech International, Stafford, Texas) was applied to provide surface mapping of target nerves (ie, the frontal branch of the facial nerve to the corrugator supercilii and the angular nerve; Figure 2A and 2B). With 0.5 to 1.0 mA of stimulation of the target nerves, the path was "mapped" before skin penetration ( Figure 2C ). The nerve stimulator was placed on a "single twitch" setting with a frequency of 1 to 2 Hz.
After surface mapping, the patient was prepared and draped in sterile manner. Local anesthesia was generally comprised of 1% lidocaine with 1:100,000 epinephrine for the skin over the probe insertion sites and for supraorbital and infraorbital nerve blocks. The patient was allowed to request supplemental anesthesia, depending on the extent of the procedure and his or her tolerance. The majority of our patients (93%) received intravenous sedation with propofol and fentanyl by an anesthesiologist.
Given the surface mapping results and general anatomical knowledge, we relied on two approaches to the target nerves. First, the inferior brow approach provided access for ablation from the frontal branch of the facial nerve to the corrugator supercilii. The eyelid skin was punctured at the level of the superior orbital rim, 10 mm lateral to the supraorbital notch in a vertical direction, with the system's 22-gauge cannula and stylet ( Figure 3A) . The RF probe was inserted through the cannula and advanced through the dermis and orbicularis muscle. In severe cases, we sometimes selected a lateral brow approach but mainly relied on the inferior brow approach ( Figure 3B) .
A cheek approach was used for the ablation of the angular nerve. The cheek was punctured with the electrode on the midpupillary line and the electrode advanced toward the lateral border of the nose through the subcutaneous tissue ( Figure 3C ). After the electrode was placed on the tissue, a short electrical stimulation (0.3-0.5 mA) was continuously delivered, and the electrode was moved along the path of the target nerve, to find the proper lesioning sites. With this method, synchronous contraction of the corrugator supercilii was evident. At least two lesioning sites were selected on each target nerve. Once the proper sites were determined, RF energy (85°C, 70 seconds) was delivered through the insulated electrode tip. During treatment, a small, local, involuntary muscle contraction of the corrugator supercilii was often observed. In all patients, the frontal branch of the facial nerve and angular nerve were treated bilaterally.
After lesioning was complete, the status of the glabellar lines was assessed. If additional lesioning was required, the electrode was replaced and the remaining distal nerve restimulated. No sutures were placed. Topical antibiotic ointments and simple bandages were applied for dressing of the electrode 
Assessment of Improvement
During preoperative evaluation, the characteristics of the glabellar skin creases (depth and orientation) and asymmetries were discussed with the patient, and photographs and video clips were taken. The glabellar frown lines were classified preoperatively and postoperatively according to the Wrinkle Assessment Scale (WAS) described by Lemperle et al (a scale of 0 to 5, where 0 is superior). 9 Two independent plastic surgeons scored the quality of the lines using baseline clinical photographs and follow-up photographs of at least one year. Paired t-tests were conducted, with significance set at 0.05. Analysis was performed with the SAS 8.2.
Results
The mean age of the patients (22 females and five males) was 54.5 years. The mean follow-up time was 18 months (range, 12-26 months). With an inferior brow approach, the skin is punctured 10 mm more lateral to the supraorbital notch, and the 22-gauge radiofrequency electrode is advanced. (C) With a cheek approach, the skin is punctured with the straight electrode at the midpupillary line, and the electrode is moved toward the lateral border of the nose. 
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There were no significant complications (Table 1) . Postoperative pain and swelling were mild to moderate and usually subsided within three days. In two patients, pain and swelling lasted as long as seven days, and bruising was noted. All patients were able to return to normal activities 24 hours postoperatively. During follow-up, superficial second-degree burns at the electrode insertion point were seen in one patient, but these healed with conservative treatment (Figure 7) . Two patients experienced temporary paresthesia, which completely resolved within a few weeks without sequelae.
WAS analysis showed a statistically significant improvement in the glabellar frown lines, from a preoperative mean value of 3.7 to a postoperative mean value of 1.8 (P < .05). In 21 patients (78%), the effect lasted over 12 months.
disCussiOn
Deep glabellar frown lines can make patients appear older or distressed (angry), even in younger people who have no other obvious signs of aging. Numerous techniques have been proposed for the correction of these lines, including botulinum toxin injection, filler injection, corrugator supercilii muscle resection, and surgical division of the motor nerves. Injections provide only temporary repair. Muscle resection, through either an endoscopic or transblepharoplasty approach, provides good exposure and allows direct surgical ablation in experienced hands; however, in inexperienced hands, the transblepharoplasty approach is typically inadequate for precise treatment of the corrugator muscles. Furthermore, the route to the corrugator muscles through a blepharoplasty incision is lengthy and somewhat tedious. Precise corrugator removal without injury to the surrounding tissues is difficult.
With the increasing popularity of botulinum toxin, dermal fillers, and cosmetic lasers, minimally-invasive techniques have rapidly become the treatments of choice in many aesthetic procedures. RF is one novel, minimallyinvasive method of treating glabellar lines. Specifically, RF nerve ablation may be preferable for patients with male pattern baldness (who might wish to avoid scarring) and for those who have undergone a previous forehead lift or upper blepharoplasty without adequate muscle resection.
Glabellar frown lines are produced by the action of the corrugator supercilii and the procerus. The corrugator is a small, pyramid-shaped muscle composed of two heads and located at the medial side of eyebrow. The lateral transverse head of the corrugator is innervated by the frontal branch of the facial nerve. At the supraorbital notch, the "twigs" of the frontal branch run a horizontal course toward the superolateral aspect of the corrugator within 2.8 to 25 mm. 10 To ablate these twigs, multiple ablation sites were required with a lateral brow approach, but an inferior brow approach (Figure 3 ) required only single side for ablation, with back-and-forth movement of the electrode.
The procerus arises from the fascia of the nasal bone and the lateral nasal cartilage; it joins the skin over the lower part of the forehead, between the eyebrows. According to Caminer's studies, the zygomatic branch of the facial nerve is destined to supply the inferior aspect of orbicularis oculi muscle. Small twigs pass upward to supply the more medial fibers of the orbicularis. At the medial aspect of the zygomaticus major, the zygomatic and buccal branches of the facial nerve join to supply the procerus at the level of the medial canthus and the oblique head of the corrugators on its superficial inferior aspect. 11 This joining of the branches forms the angular nerve, and this dual supply system is thought be the cause of recurrence after previous selective neurectomy.
In our approach, we ablated the nerve innervations of the corrugators along with the frontal branch of the facial nerve and the angular nerve, which limited the contraction of the procerus. This dual ablation lends efficacy, longevity, and favorable results with minimal recurrence. Our patients showed improvement in their transverse 
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Aesthetic Surgery Journal 31 (7) wrinkles and mild elevation of their brow position, presumably caused by deactivation of the brow depressor muscles.
Traditionally, localization of the peripheral nerve has been achieved by identifying anatomical landmarks. Various methodologies, including electrical nerve stimulation and ultrasound guidance, can be used to improve accuracy in the identification of the peripheral nerve. A peripheral nerve stimulator (like the one in our study) is a handheld device that supplies direct electrical current to an electrode. With the aid of this device, the path of many superficial peripheral nerves can be mapped before skin penetration by stimulating the motor component of the peripheral nerve with an output of 0.5 to 1.0 mA. To determine the optical placement of the electrode, minimal stimulation current is important. With a minimal stimulation current (0.49 mA), the distance between the electrode and the nerve was 0.09 mm in width and 1.84 mm in depth. 12 Ability to stimulate the nerve at low amperage (< 0.5 mA) indicates an extremely close position to the nerve. 13 With surface mapping and percutaneous localization of the target nerve before ablation, we were able to readily identify the distal nerve supplying the corrugators and procerus, which allowed us to avoid injuring the wrong nerve elements and provided a considerable safety margin.
The electrode size and configuration, the rate of thermal equilibrium, the generated temperature, and the patient's tissue characteristics are all important in determining the proper lesion size. One in vivo study showed that RF lesions of 45°C to 85°C produced nonselective destruction of nerve fibers and that RF lesions of over 90°C were associated with steam formation, charring, and sticking. 14 With a temperature monitoring system, this problem is easily avoided. The most significant lesion expansion has been shown to occur between zero and 60 seconds at the target temperature. 15 A 22-gauge, 10-mm, active-tip, insulated monopolar electrode with 90-second duration can produce a spherical lesion of 4-mm width at 80°C, 16 and 180° of rotation of the electrode can increase the width of the lesion. 17 To properly increase the lesioning area, the electrode must be placed parallel to the nerve. Larger and more complete lesions are associated with longer treatment duration for glabellar lines. Based on data from previous studies, we performed the nerve ablation at 85°C for 70 seconds.
There have been other reports of successful treatment of glabellar frown lines with RF nerve ablation, [18] [19] [20] [21] [22] [23] but most are from studies with bipolar or larger electrodes. The advantages of a 22-gauge monopolar electrode for target nerve ablation are that (1) no scars are left at the electrode puncture sites, (2) multiple sites can be approached via different angles, (3) placement of the electrode is less painful than with 18-gauge bipolar or 20-gauge electrodes, and (4) postoperative care is simple and adverse reactions (including bruising, ecchymosis, and swelling) are minimal.
In performing RF nerve ablation, there are several precautions to keep in mind. First, diffusion of local anesthetic and administration of muscle relaxers under general anesthesia can make target nerve stimulation difficult. If local anesthetics are infiltrated too deeply or too much is administered, the target nerve cannot be stimulated. Second, since the procedure can be painful (especially in the first few seconds), adequate sedation is essential for the patient's comfort, as well as for maintaining placement of the electrode during lesioning. Third, to prevent skin burns during the procedure, the depth and location of the electrode should be checked. Marking the electrodes at intervals of 1 cm is very helpful for checking the depth intraoperatively ( Figure 8) . Last, to obtain better and longer-lasting results, combination treatment with surgical wire dissection and filler injection is helpful.
COnClusiOns
Although further long-term study is warranted to determine the ideal amount of energy and time for delivery of RF ablation for the treatment of glabellar frown lines, our results demonstrate the safety and efficacy of this minimally-invasive technique in a series of 27 patients.
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